ABSTRACT
INTRODUCTION
Babies born before they reach full-term often have under-developed lungs, and need to be given oxygen. But the oxygen can cause the over-production of blood vessels in the eyes, leading to blindness -a condition called Retinopathy Of Prematurity (ROP). ROP is the growth of abnormal blood vessels in the retina that generally begins during the first few days of life and may progress rapidly to blindness over a period of weeks. The purpose of this research is to develop computer software, which can assist nurses and other healthcare staff to spot the condition as early as possible. At the first stage of the condition retinopathy of premaurity, have a faint ________________________________________________ 0-7803-8560-8/04/$20.00©2004IEEE demarcation line appears (between the normal and abnormal vessels). The ridge develops to be an intraretinal ridge (ridge that rises up from the retina as a result of the growth of the abnormal vessels). The next stage of development involves the ridge growing from the spread of the abnormal vessels and extending into the vitreous. Finally, , the retina may become detached [1] . The difficult task in terms of image processing is the detection of the line and ridge at the beginning stages because it is faint. Jomier, et al. detected ROP by observing blood vessels using the properties of tortuosity and dilation of blood vessels. However, this property is not always present on the first stage of ROP. Therefore, we investigate in this work to recognise the demarcation line/ridge. In this research, an automatic detection of the retinopathy of prematurity demarcation line or ridge pattern is developed. One of the techniques that have been applied is the early stopping watershed technique. The watershed transform is the most important morphological tool for image segmentation. The concept of the watershed algorithm comes from topography. The image is considered as a topographic surface, where the low valued areas represent catchment basins and the ridges are watershed boundaries. By applying the watershed approach to the gradient magnitude of the image, it is possible to find edges. In this research we propose an automatic early stopping watershed technique for ROP ridge recognition. The relationship between the stopping level of the algorithm and the variance image may be different from image to image. For ROP ridge recognition, the experiments have been setup and calculated at the appropriate stopping level for each kind of fundus images.
METHOD

Pre-processing of Colour Retinal Images
To present the full colour techniques for image enhancement in detail, we are interested in the HIS (Hue-Intensity-Saturation) model. Firstly, the RGB model has been converted to IHS model. Then applying the local contrast enhancement technique [4] [5] [6] to the intensity component and converting the result to RGB for display will not affect the colour content of the image.
For the local contrast enhancement technique, let the intensity, f, of the picture elements (pixels) of an
M=49. Denote the mean and standard deviation of the intensity within W by <f> W and σ W (f) respectively.
The objectivity for this method is to define a point transformation dependent on W such that the distribution is localised around the mean of the intensity and covers the entire intensity range. The implicit assumption is that W is large enough to contain a statistically representative distribution of the local variation of grey levels, yet small enough to be unaffected by the gradual change of contrast between the centre and the periphery of the fundus image.
The adaptive contrast enhancement transformation is defined by
Where the sigmoidal function was
While f max and f min are the maximum and minimum values of intensity within the whole image with
The result of local contrast enhancement technique can be seen in figure 1. 
Large Size Filter for Edge Detection
First, the large size filter for edge detection is performed to make the gradient magnitude values are blurred in order to insure that each magnitude value is locally unique. Canny has defined an edge detection operator, which is optimal for step edges corrupted by white noise. The operator that we use in this work is the implementation of operator obtained by Spacek. The reason that we use Spacek's solution is because Canny does not construct a solution of the defining conditions and so approximated one by a difference of gaussians. Spacek demonstrated that performance of his solution was more suitable to Canny's approximation. Since the operator satisfies the conditions proposed by Canny we refer to
h(x) = 16.9564 sin(x) + 13.0161 cos(x) -18.8629 exp(x) + 4.8468 exp(-x) + 1 (5)
h(x) has been defined in the interval (-1,0). Values in the range (0, 1) may be obtained from the anti-symmetry of the edge operator. For our application, we have modified the method to use the Canny edge filter in two dimensions by smoothing the operator in the orthogonal direction, hence yielding two dimensional edge kernels h x (x,y) and h y (x,y) for edge strengths in the x, y directions respectively. We applied the 2D edge filter in the x and y directions. The response of the filters to the image is given by a 2D-convolution integral.
The size of the filter that has been applied in this research is of size 7x3 pixels in X-direction and 3x7 in Y-direction where the longest axis is replaced with the Spacek equation and the shortest is replaced with the Pascal equation. So the response an image to an edge kernel is given by a 2D discrete convolution, the edge strength in the x direction (given by equation 6) with a similar equation for e y (x, y). The intensity of the edge image intensity is defined by equation 7
NECTEC
Early Stopping Watershed Technique
The watershed is a building block to design very successful image segmentation procedures. The watershed from initial seeds can be intuitively described as the flooding simulation. The initial seeds are the places to create holes in the surface model. The image then sinks slowly in water. From each of the holes, the flooding water is painted with the color associated to the seed points (hole). At any time that different water coming from different holes meet, a dam is built to avoid their mixing. This mechanism continues progressively until the whole image is flooded. The final dams are the watershed lines and the colored water is the watershed partitioning of the image. In order to understand the watershed, it is necessary consider the image as a surface, where high pixel values correspond to peaks and low pixel values correspond to valleys. Just as with normal watershed, if a drop of water were to fall on any point of the contour it would find its way to lower ground until it reached a local minimum. These local minima are referred to as catchment basins, and all points that drain into the same catchment basin are referred to as members of the same watershed [7] . The watershed technique has been stopped before it reaches the whole image by considering the variance of the whole image. If the image has different intensities in the image, the variance would be high and the watershed technique would be stopped later compared to a faint image with low variance. 
Regions Classification
After applying the early stopping watershed technique, the features have been extracted using a small window of size 3x3, which contain low intensities more than half of its window. Next all selected regions have been labeled with different colors using flood-fill algorithm. The small 
RESULTS
Results from the ROP demarcation line/ridge recognition can be shown in Figure 5 
DISCUSSION AND CONCLUSION
The experiments results have shown that the program could detect the ROP demarcation line/ridge correctly. However, there is some room for improvement such as the way to get rid of the regions which are notthe ROP line/ridge. In addition as well as the intelligent procedures for screening of retinal images that have ROP could be developed instead of just indicating the ROP line/ridge.
Further improvement on the program will include the improvement of efficiency of detecting the ROP line/ridge and removing the vessels that might be misclassified as ROP regions.
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